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ABSTRACT 

We review recent developments in the study of Saturn's atmosphere. 
Saturn apparently has a high clear layer of Hj under which lies a com- 
parable layer rich in dusty material. Beneath this is a thicker layer con- 
sisting mostly of H2 mixed with haze particles. An NH^ cloud deck prob- 
ably lies below this layer. Evidence for seasonal variations is presented in 
the form of changes in the NH„ CH^ and absorptions. Finally, the 
laces' mixing ratios for the g-ascous constituents are summarized. 


EXOSPHERE AND H TORUS 

The extent of Saturn's atmosphere is uncertain. L^emission has been observed 
from the OAO-C (Copernicus) satellite and a rocket to extend possibly out to Titan’s 
radius. Barker (1977) reports Lq> emission of 150 R with FWHM of 75 mA for a 
spectroscopic slit 0.3" x 39" projected on the torus region 5" to 10" inside Titan’s 
orbital position. For Saturn’s disk, he reports 250 R emission with FWHM of 100 mA. 
These observations were made during 12-15 April 1976 with OAO-C and are at the 
limit of photometric accuracy. The strengths are subject to revision depending on the 
concurrent geocoronal calibration. 

Apparently, the first statistically significant detection of Lq, emission from 
Saturn was obtained in March 1975 by Weiser, Vitz and Moos (1977) using a sounding 
rocket with circular spectroscopic apertures 26" and 53" in diameter. Saturn’s disk 
had an angular extent of 17" by 19" and the outer edge of Ring A had an extent of 
43" by 19". Assuming uniform emission intensity over the respective apertures, (hey 
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derived a I, brightness of 700 R ± 50 percent for Saturn's disk and 200 R ^ 50 percent 
for the I'egion outside and immediately adjacent to the disk, out to the radius of the 
large aperture. Any intensity distribution having zero emission from the region outside 

the di^ is not compatible tvlth tlie d)servations. The Lq, brightness of Saturn’s disk 

« 

scales well with the 2 kR brightness for Jupiter, suggesting similar excitation mechan- 
isms in the upper atmospheres of both planets (resonant scattering). Weiser et al. 
estiniate only 10 R emission for H in the vicinity of the Rings from meteoroid bombard- 
ment of the Rings, solar and interstellar wind bombardment, and ice sublimation. 
Saturn’s inclination is high enough so that any contribution of a H torus centered along 
Titan’s orbit to the 200 R observed in the vicinitj' of the Rings w'ould require ejection 
velocities of H from Titan nearly comparable to Titan's orbital velocity (5. 6 km/s). In 
this case, many atoms would be escaping the Saturn system so the torus geometry 
might not be a valid description of the H distribution. 

In April of 1977, Barker (1978) repeated his observations and foimd essentially 
the same disk intensity but detected no emission (less than 100 R) over the Rings. 
Therefore, the question of emission naxt to Saturn’s disk, in the immediate vicinity of 
the Rings, remains open. 


IONOSPHERE 

The structure of Saturn’s ionosphere was recently considered by Capone et al. 
(1977) who included, for the first time, the heating of cosmic-ray ionization as well 
as that of the extreme ultraviolet radiation of the Sun. These effects are comparable in 
tlie outer atmospheres of the major planets beyond Jupiter if the surface magnetic field 
is 2 Gauss or less and where the insolation is relatively diluted. They neglected the 
photochemistry of NH^ and the possible roles of neutral hydrocarbons higher than CH^. 
They also neglected negative-ion chemistry and plasma diffusion. They performed 
their analysis for an isothermal stratosphere and also for Wallace’s (1975) model 
atmosphere to bracket tiie tern erature regime. The electron densities (the quantity 
most likely to be observed) are plotted in Figure 1 for both cases; the calculated 
positive ion densities are shown only for the isothermal case. Characteristic of these 
calculations are two peaks in the electron density, whose altitude separation is 
diagnostic of the temperature structure in the inversion regime. An occultation experi- 
ment with a space probe promises to be a useful tool for investigating the thermal 
Inversion of Saturn's atmosphere. 
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TEMPERATURE IN\^ERSION 

The question of Saturn's atmospheric thermal structure in the lower inversion 
region and troposphere will be addressed at this workshop by Tokunaga, in addition to 
the question of the magnitude of Saturn’s thermal flux. I will consider the aerosol 
structure and composition of Saturn's atmosphere and also the spatial and temporal 
variations. I will, therefore, confine this section to a few remarks. 

The presence of Saturn's inversion layer was first indicated by the 7.5- 13.4 pm 
observations of Gillett and Forrest (1974) at resolution \/AX = 67 (Figure 2). Their 
spectrum revealed an emission peak at 7. 8 pm in the CH^ band similar to that 
observed for Jupiter. The lack of a brightness temperature minimum around 8. 2 pm 
indicates some unspecified extinction in Saturn's atmosphere which is not strong in 
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Figun 2. Surfaee brightness of Saturn t’enus wavelength. Also 
shown are the locations of the O uranches of the and bands 

of PHj. (Cillrt and Forrest, 1974) 


Jupiter's atmosphere. They also detected the bright emission from the band of 
C^Hg centered around 12.2 pm. Soon thereafter, Gillett and Orton (1975) obtained 
several scans across Ihe disk of Saturn at 11. 7 pm (A A = 0. 18 pm) with a spatial 
resolution of 2". 8 arc sec. These showed limb brightening, confirming the presence of a 
thermal inversion in Saturn's upper atmosphere. Observations usii^ a broad band filter 
at 11.7 pm (AX =1.8 pm) showed less emission at the limi ' These observations 
strongly support Danielson and Caldwell's suggestion that the emission arises from 
C^Hg. They also foimd enhanced emission over the south pole (Figure 3), which they 
attribute to the increased insolation resulting from the tilt of this pole towards the Sun. 

The thermal inversion affects the monochromatic flux primarily in the 7-20 pm 
spectral region. The continutim is cooler than the region of the inversion emitting hot 
radiation partly because the deep, hot region of the troposphere is hidden by the NHg 
haze in the spectral region where it is not effectively hidden by the pressure- induced 
H 2 opacity. The thermal inversion also tends to fill in the absorption features of the 
S(0) and S(l) pressure induced transitions of H 2 , making the spectrum more like a 
black body. This filUi^ in cannot be too strong, as in the case of Caldwell's (1977) 
model, because this vrould cause H 2 to radiate efficiently in the inversion zone. This 
would tend to destroy the inversion because a temperature inversion can only exist 
when there is no efficient radiator at thermal wavelengths in the inversion region to 
release the energy absorbed there from the solar heating of gas molecules and dust 
particles. 
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THE TROPOSPHERE AND NHg MDUNG rj\.TIO 

Below the inversion region is the tropo^tere and associated haze layers and 
cloud decks. Below its sublimation level, NH^ should be uniformly mixed with the other 
atmospheric bulk constituents. The microwave spectral observations permit the NTlg 
distribution to be studied to depths much greater tiian for any other spectral region 
containii^ NH^ bands. Several authors have assumed an isothermal stratosphere and 
convective troposphere in order to calculate synthetic spectra of the 1.25 cm NH, 
"inversion" band which they then compared with observations (Guilds et ai. 1969; 
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WrixoD and Welsh, 19'<0; Guilds and Poynter, 1972). Models with s<dar NH^ abundance 
below the saturation le\'el and saturation values of the partial pressure above the 
saturation level fitted the observations well. Ohring and Lacser (1976) dispense with 
the need for making these assumptions by using temperature profiles (ferived directly 
from inverting the emission spectrum of the 7.7 pm CH^ band (Ohring, 1973), and 
using them to derive the NH., distribution dii'ectiy from inverting the observed micro* 
wave emission spectrum. This spectrum th^ approximated hy ^ smooth curve between 
1-20 cm, usii^ the points with higher signal to noise ratios. Their results, shown in 
Figure 4, depend on the mixing ratio but are rather insensitive to the He/H 2 

ratio for values -^0.2. For a nominal CH^/H 2 = 5 x 10 they obtain a relatively 
constant value of = 1 x 10~^ below the saturation level and, as for Jupiter 

(Ohring, 1973), they find to be saturated (not supersaturated) above the saturation 
level. This level lies at 154 K and 4 atm for the nominal model. Its variation with 
CH^ mixing ratio may be ascertained by reference to Figure 4. 

Saturn's NH abundance determined from the 6450 A band has been relatively 

O 

constant in the three year period ending 1975 (Woodman, Trafton and Owen, 1977). 

The abundance is 2 ± 0.3 m-am NH. "abo\'e the clouds" (equivalmit reflecting layer 
model). Ohring and Lacser (1976) indicate that the level of line formation of for 
an abundance of 2 m-am is above the highest level for which they have inferred NHg 
concentrations. The microwave results have the advantage that they pertain to much 
deeper layers than do the visiul spectra. 
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HAZE 


There appears to be an extended haze in Saturn's atmosphere near the 100-105 K 

levels. Gillett and Forrest's (19741 spectra shou- a brightness temperatm-e in the 

9-11 pm region of only 100-105 K, compared to -»130 K for Jupiter. They point out that 

this Ls too cold for the dominant gaseous opaci^' to be the (Xirtial pressure of 

** -3 

NHj in the layers responsible for Siitum's 9-11 pm emission is 10 “ to 10 times that 
in the layers responsible for Jupiter's 9-11 pm emission (wiiich arises in the r., band 
of NHj). My radiative convectiw models surest that the top of Saturn's convective 
zone is at the 108-112 K level, well above the NH^ saturation level, in contrast to 
Jupiter. If Saturn's haze consists of NH^ particles suspended by convoctixe currents, 
its extent in depth is .nuch larger than for Jupiter. Caldwell (1977a) finds that indeed 
solid ciy'Stals provide a good fit to Saturn's spectrum in the region of the 9.5 pm 
absorption feature visible in Gillett and Forrest's (1974) data. He also finds that the 
haze must be inhomogeneously distributed in deptli, being concentrated at lower levels 
rather than mixed throughout the inversion. This haze layer is quite transparent at 
microwave wa-*elengths and is sufficiently thin at visual wavelengths that weak NH^ 
lines are detectable in the 6450 band. Visible light penr: rates below tiie 105 K level, 
where it undergoes multiple scattering. 

The haze causes tlie subdued behavior of the equivalent widths of H , CH and 

J 4 

NHg from the center of the disk to the limb. The H., quadrujjole lines are roughly 
constant over the disk; thej’ are slightly stranger at tlie south pole and slightly weaker 
near the equatorial limbs (Trafton, 1972). The 6450 A NH,. band is strcHigest at the 
center of the disk, slightly weaker at the south pole, and quite weak near the equa- 
torial limb (Woodman, Traftixi and Owen, 1977) as indicated in Figure 5. Methane 
absorption is weaker in the ecpiatoriaJ belt and either about the same over the south 
pole and the center of the disk or slightly weaker over the pole (Teiiel, I'soltseva and 
Kharitonova, 1971; 1973). 

Saturn's limb darkening and polarization ai*e not characteristic of pure Rayleigh 
scattering but of a haze with particles having :ui average radius of pm (Teifel, 

1975). 

The sluipes of the R-b ranch manifolds of the 3 CH^ bard indicate the presence 
of some aerosol scattering (Tnifton, 1973; Trafton and Macy, 1975; Macy, ^976) but 
they are much more compatible with a reflecting layer model (l?LM) than a hom<^e- 
neous scattering model. These observations were obtained along Saturn's central 
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meridian* excluding the equatorial belt and Rings. For this area, the RLM approxi- 
mation may not be bad, at least in this wavelength regime. Figure 6a shows spatial 
scans 1 obtained along Saturn’s central meridian at three wavelei^^s located in various 
CH^ bands. They illustrate the CH^ absorption increasing strongly towards the pole. 
Figure 6b shows the CH^ absorption at these three u'avelengths increasing toward the 
south pole. 

Another manifestation of Saturn's haze is the lower abimdance determinations in 
the infrared than in the visual spectrum (see the secticm below' on Composition). Also, 
abundances determined from lines of very different strength at the same wavelength 
lead to conflicting values when analyzed in the RLM approximaticm. See de Ber^ and 
Maillard (1977) for a discussion of this. Finally, we have already noted that the 
brightness temperatures at 8.2 pm and 9.5 pm indicate a haze. 
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DUST 


The presence of dust in Saturn's atmosptore is deduced from die sharp drop in 
albedo between 5000 A and 3000 A. It prt4>ably arises from idiotodiemistty of CH^ 
photodissociation products (Caldweil» ld77a). Podolak and Danielscm (1977) have 
modeled this albedo in terms of a homogeneous dust layer mixed with 28 km -A (kilometer'' 
Amagat) above a cloud deck and under a clear layer Hg 7 km -A thick. The parameters 
of the dust follow: The real part of the index of refraction = 2. 0; the imaginary part 
- X~2.5. 2 distribution in particle radii from 0 to 0. 1 pm. The dust parameters 

are the same as those successfully used to model the blue-UV albedos of Jupiter and 
Titan. At 5000 A, the optical depth for extinction of the dust is 0. 7. The fit is shown 
in Figure 7. It should be noted that these models of the dust distributi(m are not uni^pie. 
The effect of an inhomogeneous depth distributicai of the dust would be to chai^ tte 
value of the expcment a in the imaginary part of tiie r^ractive inctex (Barker and 
Trafton, 1973). 

The presence of a high, clear region of the atmosphere, free of dust and 
aerosol particles, is required by the increase in albedo shortwards of 3000 A 
(cf. Figure 7). This occurs as a result c€ a sharply increasing cross section ol 
Raleigh scattering. A layer of 7-28 km-A is needed, depeiuling on die model. Podolak 
and Danielson (1977) place 7 km-A Hg in the clear region; Teifel (1975) places ’’less 
than 13" km-A Hg there; and Macy (1977) places 27 km-A Hg there. 


rgjrt (Dust) 



Figure 7. Xanatim of gtomelrk a/bedo u-ith wavelength for Saturn. The ioiiJ curve ti the 
theorettcal fit to the data with a 7 km-am-regtan of Hj abote the du\t. The dathed cunt u the fit 
wtthout such a clear layer. The methane absorptions are also shoun. t Podalak and Danetlson. 

1977). 
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More aiH-iirnto modeling of th-'s region is needed. The pjeseiue of hmb brightening in 
the I V (Marin, ItUiS) also requires a relatively dear upper atmosphere. .\ew mea- 
surements, sueh as those of Tranz and Priee (1977) ma\ help the modeling. They find 
prt^nouneed limb brightening in I , moderate limb brightening in Band limb darkening 
in V. 

.AFKOSOL STUl CTl Kt: 


The best model to date of Saturn's aerosol struelure is Mary's (1977) but this 

model does not agree with all observations so there is n>om for improvement. For 

the thermal struetare, Mae\ uses the temperature profile of Caldwell's thermal model 

(1977a) but adjusts the effeetive ii-mperature to 97 K instt'ad of 93. K and uses a 

-2 

surface gravit> ot 1050 em s . Caldwell's inversion region is tw> low for it causes 
to appear in emission in his m*>del but this does not significantly affect the aerosol 
structure. The various models for the inversion converge in the troposphere although 
they disagree in the inversion regime. The convergence is a result of the 
opacities being relativeh well known because these opacities control the radiative 
transfer in uie tropiisphere. 

Maey's model is constructed to agree with photontetric and speetroseopic data 
in the CV, visible and near IK while Caldwell's (1977a) thermal model is concerned 
with the spectral characteristics for wavelengths longer than pm, except for solar 
heating. Scattering is not included in the radiative transfer of Caldwell's model but 
is included in Macy's model. C»ther differences are that Macy's model includes a 
clear region above the absorbing dust and has the cloud deck at the NH sublimation 

tS 

level rather tluin at the radiative-convective boundary. I'he former is motivated b\ 
the I V limb brightening and rise in albedo. The latter is motivated b> the visibilitx 
of weak gaseous NH^ absorptions, relatively large equivalent widths and high 
rotational temperatures for CHj. Macy's model also distinguishes the equatorial 
from the temperate zones, as indicated in Table J. 

Figure S shows Macy's schematic for Saturn's atmosphere. .Above the opaque 
cloud deck is 52 km-.A H., mixed with haze particles. Multiple scattering in this region 
enhances the equivalent widths of the H,, lines but obscures the gaseous NII.^ absorption. 
■Above the haze is a layer of absorinng particles (or dust) 15-2.3 km-.A thick and above 
this there is the clear region 19-27 km-.A deep. The dust layer accounts for the drop 
in albedo in the blue-l'V six’ctral region and helps to heat the upjx'r atmosphere. The 
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Table 1. Particle Distribution 


Layer 

H 2 Abundance (km- A) 
Equator Temperate 

Pressure at 
Layer Bottom. 
Equator (atm) 

Pressure at 
Layer Bottom, 
Temperate (atm) 

Clear gas 

19 

27 

0.2 

0.3 

Absodt)ing Particle 

23 

15 

0.4 

0.4 

Haze Particle 

52 

52 

1.1 

1.1 


haze layer also helps to explain the shapes of the 3v CH. manifolds and the low bright- 
ness temperature at 9.5 (im (but the cross section for the particles may be quite differ- 
ent at visual wavelengths than at 9.5 pm). Macy's model incorporates the Raleigh 
phase function for scattering by the gases and an isotropic pdiase function for scattering 
by the particles. The particle albedo is scaled according to the van de Hulst similarity 
relations to account for their anisotrapy. Because greater polarization is observed in 
the temperate region than in the equatorial belt, Macy argues that absorbing particles 
should lie deeper in the tempei*ate region. His model is also constrained by molecular 
line observations: in particular, the (3-0) and (4-0) Hg quadrupole lines, lines from the 
weak 6450 A NHg band, aixl manifolds from tiie 3vg CH^ band R branch. 

Macy's model fits the spectral reflectivity well (Figure 9). On the other hand, 
the fit of the reflectivity from the center of the disk to the equatorial limb is rather poor 
(see Figure 10). This is due in part to approximating anisotropic scattering by isotropic. 
There is also a problem with the high rotational temperature of the 3 CH^ band. The 
high-J manifolds are too strong relative to those in his model. He discussed this prob- 
lem in a previous paper (Macy, 1976) which analyzed the 3 CH^ band and H^ absorp- 
tions simultaneously using an inhomogeneous model atmosphere. He found that if the 



Figure 8. Diagram of the model. Values for the H 2 ahuttdance in the char layer, 
(o^, the absorbing particle layer, easy, and the haze layer, u>^ , are giten in 7 able / . 
The absorbing particle-haze layer boundary cnrrespond> t.> the radiatne-contnllte 
boundary. The bottom of the cloud deck is at the ammonia sublimatmn lettl. 


42 




/ /<4t: '• '1 A.//: f.'l .!< ,t i;' .t: t>H 

i„,ij //V, I. .vV IjtlUjt 4ifS 

11 [fy >.■*//> ci'Wt {Rn'(. h)~ 1 0 i ,'rui)^le> K jiJ 0.\0 II 

t^<’‘ii€l^u Mfyuo* !4 > uf'uh Km ^iti hx 

/i; jt; t*iinaicU XAfUut ‘fiji /*> tcfyor 

i •xfUi.iii !ln> uu '<■< i^bjl ■•i.i: ’Ti^iri f K R:pijne:> ~ 

0 Of Jitfi jvJ rh, tmryTM, i H H lI'Litt' - 

0 4} i 'K>’i-Ju\KJ iiK> 


• 0 

*b> 

if 8 

S 

XD 

V 

0 

e 

1 6 

4 


optical tliickness of the haze layer was adjusted to fit the observt'd absorption, the 
effective depth of absorption for the 3 (.'11^ band was so shallow tlvit the rotational 

temperature of the band came out too low. 

It seems to me that this problem could be resolved if tiie mean cross section of 
the haze particles in his nuxlel were allowed to decrease with increasing wavelength 
rather than be held constant. This variation is required to explain the (3-0) and (4-0) 
Hg absorptions in Tranus' atmosph're (Trafton, 15)7(i). Then deeper, liotter layers 
w^ould contribute to the 3 CH^ absorption at 1.1 pm while shallower layers limit the 
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H 2 absorption at 0.64 and 0.82 pm. This modification should also result in a 

revision of the derived ratio. 

Finally, there appears to be some uncertainty about the depth of the NH^ 

sublimation level. Macy's model gives 1. 1 atm but that derived from inversion of the 

-4 

NHg microwave spectrum (Ohring and l^cser, 1976) is 4 atm for a CH^ = 5 x 10 . 
Macy's model has four times the methane mixing ratio. The microwave results are 
brought into closer agreement with Macy's sublimation level if Macy's methane mixing 
ratio is assumed. This would require a larger NH^ mixing ratio, however, so the 
depth, at present, must be considered uncertain. 


SEASONAL VARIATIONS 

Spectra of Hg, NHg and CH^ obtained over a long time base indicate that signi- 
ficant seasonal variations occur. The visibility of the 6450 A NHg band has ranged 
from zero to almost the strength of Jupiter's band. Dunham (1933) was able to see as 
many lines of this band in Saturn's spectrum as he saw in Jupiter's spectrum. This 
is not surprising in view of the exponential dependence of the equilibrium NHg vapor 
pressure on the temperature and the deep NHg haze layer. Small changes in tempera- 
ture could cause much bigger changes in the NH^ visibility. 

Observations of the H., quadrupole lines over the past decade are shown in 
Figure 11 (Ti-afton, 1976) and indicate a seasonal variation correlated with the shading 
of the planet's disk by the Kings. Figure 12 shows more recent data for strong CH^ 
bands. If the trend given by the earlier Hg points is correct, Saturn's atmosphere 
mimics the deep, clear atmosphere of I'ranus at a time when the Rings are edge on 
(minimum shading) which also happens to be when the planet is farthest from the Sun. 
The Ring shading and orbital eccentricity each produce 15'( variations in the insola- 
tion of the disk. The Hg equivalent widths appear to be minimum at the time of 
maximum shading, suggesting a lot of hrze opacity in the deeper atmosphere. The 
CH^ bands, which probe shallower regions of Saturn's atmosphere, show a recent 
increase in strength, suggesting that haze may be settling out of Saturn's upper 
atmosphere after the time of maximum Ring shading. Further monitoring of Saturn's 
Hg, NHg and CH^ absorption is needed to confirm the seasonal behavior and to 
understand its causes. The scatter of the points in Figure 11 indicates that the 
diurnal and short term variations arc typically less than 10'". 
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minimum at the time the shading of the nags u as maximum. \Tben ihaJtng uas minimal, the H, ahorption mas hate been greatest u hen 
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Ftgun 12. Long-tf 'm variation of Saturn's CH^ absorption on the central meridian, excluding the ecjuatorial belt and the hemisphere h 
the rings. The precie wavelength are shown in Figure 5. The scale on the right is for the X 8900 band’s residual intensity. The scale ^ " 
for the other three bands. The umertamty of the values from the k W 100 hand ts equal to the height of the symhol. These points have thhigl^i 
accuracy owing -o no blending with telluric Hp and a fairly wide band minimum. The uncertainty of the other values ts best estimated from then 
scatter. The o wn symbols indicate greater measurement uncertainty. The + symbol plots points taken with the si, t set parallel to Saturn's equator ,n 
the northerr hemisphere during 1964. All bands indicate an increase in absorption. 




COMPOSITION 


The questions of composition are what gases compose Saturn’s atmosphere 
and whauare their relative abundances? In addition to II 2 , NH^ and CH^; detected 
gases include II (Wciser ct ai, 1977), (Combes ef 1975), HD (Smith and 

Macy, 1977; Trauger, lioesler and Mickelson, 1977), Cg Hg (Tokunaga, Knacke and 
Owen, 1975), PHg and CH^D (Fink and Larson, 1977). Helium has not yet been 
detected; its presence is inferred from cosmogony and possibly from the shape of the 
thermal spectrum. Solid NH appears to be responsible for the absorption at 9. 5 pm 

O 

and possibli at 8. 98 pm (Caldwell, 1977a). There appears to be a weak feature at 
10. 1 pm in the spectra of Gillett and Forrest (1974) which might arise from solid 
NHgD (Caldwell, 1977) but higher resolution spectra are needed to confirm this . 
possibility. 

The controversy on whether the features at 10-11 pm are due to PH, 

O 

(Bregman et ai. 1975) or to C 2 H^ (Encrenaz etai, 1975) appears to be resolved in 
favor of PHg since Fink and Larson (1977) have detected PH^ in Saturn’s 5 pm spec- 
trum. They liad the absorption to be* considerably stronger than on Jupiter. About 
50 cin-A of laboratorj’^ PHg is needed to match tlie broad PHg feature at 4. 73 pm. 
These authors also find the Q and P branches of CH^D to be quite prominent in 
Saturn's spectrum and the line strengths are comparable to those of CH.D on Jupiter. 
About 5 cm-A of laboratory CH^t^ is needed to match their absorption. Smith and 

Macy (1977) derive a value for D/H ^ (6. G ±3. 1) x 10-5 from the R-(0) line of HD and 

-5 ^ 

Trauger et al.. (1977) report a similar vr.lue (5. 1 iO. 7) x 10 from the P^(l) line of 

HD. Modeling the emission from the band of C^Hg at 12. 2 pm. Caldwell (197'7a) 

estimates a mixing ratio C,Hg ''H, = 1. 8 x 10 **. 

A number of abundances for Hg, NH^ and CH^ have ’oeen given in the literature 

in the reflecting layer approximation. For the (3-0) and (4-0) Hg quadrupole lines, 

Encrena? and Owen (1973) quote 77 *20 km- A H, using ihe curve of growth of Fink 

and Belton (1969) which is now’ outmoded because the pressure broadening coefficients 

have since been improved (Macy, 1973). For the Q,,(l) line, de Bergli et ai. (1977) 

+9 

obtain a H_ abundance of 25 „ km- A also b\ using Fink and Belton's curve of growth. 

^ flO 

For the pressure-induced fundamental, Martin derived 25 „ km-am H_ with a base 

■i'O 2G ^ 

temperature of 150 K and a base density of 0.52 g' amagats. For the first over- 
tone of the pressure-induced Hg band, Lecacheux et ai. (1976) derived 63 km-A 
Hg. From the 6450A NHg band. Woodman et ai (1977) derived 2.0 ±0.5 ni-A NH^. 
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But from the 1.56 /im NH^ band, Owen et al. (1976) derived an upper limit of 

0.15 m-A. Using the 3 CH^ band, Trafton (1973) derived a CH^ abundance of 

54-tl3 m-A (Trafton and Macy, 1975) and Lecacheux et al. (1976) derived 
+15 

59 ^ m-A. On the other hand. Lutz et al. (1976) analyzed the weak blue and green 

bands and derived '•150 m-A CH^. 

It is easily seen from this that the abundances derived in the RLM approxima- 
tion vary ’x)th with the wavelength of the band analyzed and with the strength of Uiat 
band. Except perhaps for the central meridian, the RLM approximation is probably 
poor. Even comparing bands at the same wavelength but of different strengths 
requires that the radiative transfer include scattering. Meaningful abundance ratios 
may be obtained without analysis of the radiative transfer if absorption features of the 
tw'o gases in question can be found and measured w'hich have comparable strengths 
(de Berghand IMaillard, 1977). This ratio is independent of the radiative transfer, at 
least for weak lines. Therefore, duplicating these absorptions with cold laboratory 
spectra yields the abundance ratio. This method has been applied successfulh for 

C/H and C/ C in the atmospheres for Jupiter and Saturn. For Saturn, Lecachex 

+2 0 -4 

et al. (1976) derive C/H = 4. 7_j^* 3 x 10 and Combeis et al. (1977) derive 

respectively. Figure 13 shows several manifolds of*Saturn’s spectrum and the 
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laborator)' CH. features used to compai item. These values are essentially the 

* 12 13 

same as the solar values* and the same as the telluric value in the case of C/ C. 

Podolak and Danielson (1977) have shown the importance of including dust am) 
haze in determining abundances from atmospheric models. They were successful in 
constructing such models which give both the observed absorptions for the weak blue 


bands of CH^ and the stronger bands the red and near infrared. 

Some results for the mixing ratio from such models follow; Podolak 

and Danielson (1977); 5x solar C/H (CH^/Hg = 3. 5 to 3. 9 x 10~^; Caldwell (1977a): 
4. 7x solar (CH^/Hg = 2. 1 x lO”^; Mach (1977): 5x solar. These are all higher 

than the value of Lecacheux et af. (1976), who derive approximately the solar ratio. 


This discrepancy requires further study. 


Saturn's UV spectrum obtained uy the TDla and OAO-2 satellites shows no 
definite absorption features (Caldwell, 1977b). Saturn's albedo from 2100A to 2500A 


is similar to Jufnter's, implying ttet there Is a common UV absorber. This absorber 
cannot be NH_ on cither plan^ because it is frozen out to much deeper levels in 
Saturn's atmosj^ere sc that it should affect Saturn's spectrum differently. Caldwell 

mixing ratio of HgS/Hg = 1. 4 x 10'® 
fits Saturn's UV spectrum (see Figure 14). This compares with the upper limit of 

_7 

4 X 10 on this mixing ratio repo^ .ed by Owen et oL (1976) for Saturn from tlie 6289 
cm ^ band. Caldwell's value is much le^s than the ImrrespotKliag solar S/H ratio, 
implying that S is bound in otter molecules. 

Scattergpod ami Owen (1977) consider the composition of the blue-UV "dust" in 
terms of the production of organics by proton bombardment of Hg, CH^ and NH^ mix- 
tures. Their results show that CH.+H. mixtures remain clear but the addition of N 

4 A 

(e.g. NHg) or Si.e.g. , HgS) leads to the production of colorful liquids and solids. None 
has the spectral behavior identical to those shown by the planets jo mixtures would be 
required to explain the haze. As yet, there is no satisfoctory e:q>Ianation for what 
material is causii^ the absorption between 5000-3000 A in Jupiter, Saturn or Titan. 

This remains a major unsolved problem. 


CL977b) models the HgS absorption and finds that a 
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DISCISSION 


J. CALDWELL; Conceniing the coittroversy over ethylene and phosphine at 
10.5 pm, I don't thihk that the observations of Fink and Larson rule out ethylene. If 
ethylene is being seen at that wavelengtli, it's in emission at a ver>' high altitude. And 
if that were true, you would see emission from ethylene on top of any possible absorp- 
tion by phosphine so that, in fact, both observations could be right; they're not 
mutually exclusive. 

L. TR'.FTON: The observations of Fink and Larson show that the phosphine 
is fairly strong, stronger than in Jupiter, so it would also be abso.'bing in the 9 U> 

10 pm region fairly strongly. 

J. CALDWELL; But if ethylene is emitting above that, you see the ethylene. 

G. SISCOE; Do the Copernicus Lyman-alpha measurements give a density 
value or a density limit for the Titan torus ? 

L. TRAFTON: They give an intensity of about 150 Rayleighs for the Titan 
torus. E. Barker (1977) pointed out from OAO data, that uithin ten arc-sec of Titan 
a 39-arc-sec measurement gave about 150 Rayleighs, which would be a limit for their 
detection. And when he looked again, I believe he saw about die same number. 

J. POLLACK; When you speak about the observations of the Titan torus, is 
that a discrete torus ? 

L. TRAFTON: The observations are made through a 39-sec slit superimposed 
over the torus about five or ten-sec away from Titan. I understand there is a problem 
with the geocoronal calibration of atomic hj'drogen data. That lias to be subtracted 
out, and y'ou're subtracting two large numbers which are rollg^Jy equal to each 
and in that circumstance, there can be large uncertainties. It's a difficult problem 
and I think even more observations are needed to convince a majority of the commu- 
nity one way or another whether the hydrogen emission really is present at all, to 
say nothing of the detailed geometry. 

D. Hl'NTEN; You were praising the use of spectral features of comparable 
strengths in getting relative abundances, but there's another important point that I've 
recently become sensitive to; you want comparable physics as well. You don't want 
to compare a pressure-induced feature with a pressure-narrowed feature, for 
example, if you can possibly help it, because every time the physics is different like 
that, you have a different depth weighting in the formation of the spectral teaturc. You 
must go a lot further than just to look for comparable features, and unfortunately, in 
comparing hydrogen and methane, nothing is really comparable. Every time you look 
for a useful pair, you find that the depth weighting is totally different. 

L. TRAFTON: Unfortunately, I have to agree. 
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